In obesity and dyslipidemia, hydrolysis of triacylglycerol (TAG) into non-esterified fatty acids (NEFAs) may contribute to insulin resistance, and production of oxygenated, bioactive polyunsaturated fatty acids may increase oxidative stress. Here we show that after six weeks of high-fat feeding of obese prone rats (Crl:OP(CD), vitamin C was increased both in liver (P<0.01) and plasma (P<0.001), while both TAG (P<0.01) and NEFA (P<0.001) were lower than in low-fat fed control rats. Hepatic vitamin C biosynthesis was similar between groups, indicating that a new steady state level was
established with a higher vitamin C level adequate for supplying the systemic needs.
Glucose and insulin sensitivity were unaffected at this stage. Eventually, the mobilization of vitamin C may be seen as a mechanism to protect the host against insulin resistance.
Diet-induced obese rodents are frequently used as models in obesity research. Obesity and dyslipidemia in humans are associated with increased risk of developing insulin resistance. As triacylglycerol (TAG) is hydrolysed, the increased plasma concentration 1 Deceased June 6 2017 A C C E P T E D M A N U S C R I P T 2 of non-esterified fatty acids (NEFA) may contribute to insulin resistance (Boden, 2011 ).
An altered production of oxygenated, bioactive polyunsaturated fatty acids may increase oxidative stress (Frohnert et al., 2011) . In rats, high-fat (HF) feeding typically increases plasma cholesterol, TAG and NEFA although the response varies according to various experimental factors (Muralidhar et al., 2017) , e.g. whether the rats have been fasted prior to blood sampling (Ikeda et al., 2014) . Selective breeding of Sprague-Dawley rats, of which around 50% are resistant to diet-induced obesity, has created obese prone rats (Levin et al., 1997) . When fed a HF compared to a regular chow diet, obese prone rats become increasingly obese from day 35, develop insulin resistance from day 60, and hyperlipidemia from day 30-60 (Madsen et al., 2010) .
It has been reported that diet per se does not seem to alter fatty acid oxidation (Heden et al., 2014) . This may be due to protection by antioxidants, such as vitamin C (vitC), which has been shown to play a role as a cofactor in many metabolic processes and in quenching of otherwise harmful free radicals (Tveden-Nyborg and Lykkesfeldt, 2013) .
Chronic vitC deficiency in humans is associated with type 2 diabetes (Ford et al., 2003) .
In guinea pigs, HF compared to LF feeding reduced plasma vitC (Frikke-Schmidt et al., 2011) . However, in contrast to humans and guinea pigs, rats produce vitC endogenously in the liver thereby allowing a homeostatic control independent of dietary restrictions.
HF diet induces oxidative stress in rats (Noeman et al., 2011) , yet the interaction between HF and endogenous vitC homeostasis in rats has not been studied in detail.
Moreover, data on the effect of vitC supplementation to alleviate HF-induced obesity in rats are conflicting (Boqué et al., 2009; Picklo and Newman, 2015) .
In the present study, we hypothesized that vitC production and mobilization to plasma is increased as in the early phase of a HF feeding of obese prone rats.
The study was approved by the National Committee for Animal Experimentation, Sweden) plasma was kept on dry ice until storage at -80 o C. VitC was analyzed as previously described (Lykkesfeldt, 2007) . Gulonolactone oxidase activity, i.e. the rate
limiting enzyme in the biosynthesis of vitC, was assessed using liver homogenate as described elsewhere (Lykkesfeldt et al., 1998) . Experimental groups were compared by unpaired t-test (significance level P<0.05), and when relevant, data were logarithmically transformed to fit a normal distribution (Prism 5.02 (GraphPad Software Inc., San Diego, CA, USA) and SAS Analyst 9.2 (SAS Institute Inc., Cary, NC, USA)).
HF compared to LF diet significantly increased vitC concentration in plasma (P<0.001; Figure 1A ) and liver (P< 0.01) ( Figure 1B) , while vitC biosynthesis, assessed by hepatic gulonolactone oxidase activity was unaffected ( Figure 1C ), indicating that a higher steady state concentration had been established with a vitC level adequate for supplying the systemic needs. This is in accordance with a previous study in mice, in which a HF diet significantly increased plasma concentrations of vitC compared with a control diet low in fat (Tranberg et al., 2014) . However, in these mice hepatic de novo biosynthesis of vitC was upregulated as measured by gulonolactone oxidase activity, and liver vitC was reduced by HF feeding compared with low-fat feeding (Tranberg et al., 2014) .
Whether these differences in liver vitC status are general between rats and mice, a result of the selective breeding of the obese prone rats, or merely an effect of the respective time windows that the results represent are not known. In an earlier study, we compared intestinal and liver recycling capacity between guinea pigs, rats and mice and although lower than guinea pigs, rats and mice showed similar capacities to recycle vitC in both tissues (Frikke-Schmidt et al., 2016) . Although this was not tested in HF animals, the results may indicate that differences in recycling are not responsible for the differential pattern between mice and rats. Beside changes in recycling capacity, differences in vitC clearance may also explain the effect of HF feeding. However, as neither recycling nor urinary vitC was assessed in the present study, we cannot discriminate between these possible mechanisms leading to the apparently increased vitC homeostasis in HF
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A C C E P T E D M A N U S C R I P T 5 animals. HF diet has previously been shown to increase weight gain after only ten days in obese prone rats (Ricci and Levin, 2003) . In the present study, HF diet did not result in a significantly higher body weight ( Figure 1D ) or changes in glucose and insulin parameters (Table 1) , and the effect of HF was mostly observed in the epididymal fat (P<0.05, Figure 1E ). This is not surprising, as ten weeks of HF compared to LF diet in rats is known to result in a 35-40% increase in total body fat, while only in a 10 % weight gain (Woods et al., 2003) or even less (Boozer et al., 1995) . We did note a tendency towards accumulated energy intake in HF fed compared to LF fed rats (P= 0.08, Table 1 ), i.e. if the experiment had continued for a longer time a higher body weight might have been observed.
Although fasting plasma total cholesterol was unaffected ( Figure 1F ), fasting plasma triacylglycerol (P<0.01) ( Figure 1G ) and NEFA (P<0.001) ( Figure 1H ) were significantly decreased by HF feeding, which indicates induction of an increased lipid metabolization. In longer studies, HF diet has elevated plasma cholesterol Madsen et al., 2010) and increased TAG may be observed already after 1-2 months of HF feeding (Madsen et al., 2010) . Our negative observations may be explained by differences in LF diets, as macronutrient types and combinations are important for the response to development of obesity in rats (Muralidhar et al., 2017) .
High-sucrose diets, such as our LF diet, have been shown to increase TAG in Sprague Dawley rats (Pagliassotti et al., 2000) . The rise in NEFA and TAG has been confirmed by another rat study using the same diets (De La Monte et al., 2009), while the two parameters were unaffected in a study in mice (Tranberg et al., 2013) .
In conclusion, six weeks of HF feeding in obese prone rats increased plasma and liver vitC seemingly without hepatic de novo biosynthesis, which may help to protect the host in this early phase from increased body weight and decreased glucose tolerance.
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10 Tveden-Nyborg, P., Lykkesfeldt, J., 2013 (5) Glucose (mM) b 5.0 ± 0.2 (7) 5.2 ± 0.7 (8) Glucose (mM) c 7.7 ± 0.7 (7) 8.2 ± 0.8 (8) Insulin (pM) c 481.0 ± 356.9 (7) 198.4 ± 92.2 (8) QUICKI c 0.26 ± 0.029 (5) 0.28 ±0.026 (5) Data are shown as mean ± 1 standard deviation. No significant dietary effects were observed. Values for glucose and insulin were logarithmically transformed before statistical analyses.
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A C C E P T E D M A N U S C R I P T Highlights  Six weeks of high-fat feeding increases vitamin C in both liver and plasma of obese prone rats, which is in accordance with observations in mice  This is not accompanied by an increased vitamin C biosynthesis, which is in contrast to observations in mice  Glucose and insulin sensitivity is unaffected at this stage ACCEPTED MANUSCRIPT Figure 1 
